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TO THE PUBLIC, 



f^HE Author haying revised the sereral pages for a second 

edition, is exceedingly sorry to confess, he has discovered 
many errors, and several gross mistakes ; and therefore feels 
it his duty to ask pardon, and express his sincere regret at 
the circamstance. 

These experiments, which have now been a time in print, 
are in part objected to by some persons^ because their prin- 
dplest they cQncdye, apply only on smooth water. In defence^ 
it may be said — 

First, Of the resistance of water against the head of a 
vessel. 

Jnmoer. The resistance of water> whether fresh or salt^ 
must be directly as the surfiice. 

Second. Of lateral resistance* 

A^moer, The same law must apply equally in both cases. 
Third. As r^ards stability. 

Answer. The centre of gravity being retained at the water's 
level, acts as effectually on the sea as upon a river. How 
could the lofty and magnificent steamers far^ which navigate 
the great rivers of America with perfect safety^ if placed upon 
a stormy ocean, whose centres of gravity are supposed to be 
more or less above their lines of flotation ? 

Favrth. The form of the bow8« the bevelling of head and 
sterUf &c.y &c. 

Answer. These are all influenced by sea water the same as 
by that of rivers. 

In this new edition, everything has been done to make the 
little work perfect; and the author again hopes its contents 

may prove of some benefit to those persons who may honour 
him by an impartial perusal. 
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. EXPERIMENTS 

ON 

THE FORM OF SHIPS AND BOATS, 



INTRODVCTION. 

Much difference of opinion having of late years prevailed 
respecting the tme form of Ships and Boats, I hare heen 

induced to make a Series of Experiments with models of 
wood, for the purpose of ascertaining, hy a careful notation 
of results, what may be considered as the governing laws ; 
and I flatter myself I have been successful, in some measure, 
in detecting a few of the leading principles which influence 
the speed, the stability, and the safety of vessels impelled 
by the wind, the oar, and steam* 



CHAPTER I. 

This chapter contains the partienlars of experiments under* 

taken to gain a knowledge of the laws of water with regard to 
the head resistance it makes against bodies floating upon its 
surfiMe, and impeUed forwurd by some fonoe, as the wind, the 
oar, and steam. 

A 
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ON THE FORM OF SHIPS AND BOATS 



To this end^ four pieces of deal were selected, of the same 
iinifonn densily and thicknesSj and each 12 inches long» bnt 
varying in width. 

No. 1 model, 2 inches wide and 12 inches long. 

No. 2 model, 4 inches wide and 12 inches long. 

No. 3 model, 6 inches wide and 12 inches long. 

No. 4 model, 8 indies wide and 12 inches long. 
These were, two at a time, attached hj strings to the two 
ends of a balance-rod, of the length of 20^ inches ; a third 
string, actbg the part of a folcnim whilst snspoiding the rod, 
was 90 put ou the rod as to admit of being readily slipped 
along it at the will of the experimenter; the other end being 
ftstened to the small Eternity of a long pole, for the purpose 
of reaching far enough over a pond of water to tow the models 
upon the surface, dear of all obatadea. 




The two modds selected for experiment were then drawn on 

the water, and whichever of them preponderated, by meeting 
with greater resistance than the others, had the suspending* 
string shifted along the balance-rod until both the floating 

bodies attained an equilibrium of resistance, when the measure 
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LAW OF RESISTANCE. S 

of their respective resistances was denoted by the inyerse length 
of the arm or lerer to which thej were fastened. The shorter 
arm was made, in each experiment, to balance eorreeUy the 
longer arm, hj means of a moveable weight applied to the 
shorter arm. 

Experiment 1. 

Models. Width. Length. \^'eight. Difference. Weight. 

No. 1. 2in. 12in. 10 os.l,i* n « 
xTrt A' irt' 7i\ mch of lever, or 2 oz. 

No. 2. 4m. 12m. 10 oi. / • « « 

Experiment 2. 

No. 2. 4 in. 12 in. 12J oz. 1 , , . , ^ 
No. 3. 6m. 12m. i4 o..) °' ^ «». 

No. 3. Gin. 12 in. 19 oz. 1 . , 

No. 4. Sin. ISin. 19 oz. | " « «• 

In these experiments the dimensions of the models were to 
each other as 1, 2, 3, and 4 ; and the head resistance, com- 
pared two at a tim^ and of equal weight, gave the same 
resnlts ; consequently, the law of the head resistance is, that 

it increases directly with the increase of the square surface 
opposed; and therefore, in this instance of eqnal additions, 
assmnes the arithmetic ratio. 



EXPERIMENTS MADE TO ASCERTAIN THE LAW OF THE RE- 
SlSTAfiCfi OF WATS& AGAINST TfiS IKiC&fiASS OF WSIGXT. 

Exj^eriment 4. 

For this purpose, two model boats welt selected of equal 

draught, and into one was put a 1 ib. weight ; and being drawn 
on the vraUer by the same balancing*rod which was employed 
in the preoeding chapter, and tlie di£hrenoe of Ae resistance 
determined as before^ the law rcTcaled itself thus : 

a2 
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4 ON TUE FORM OF SHIPS AND BOATS. 

With 1 ib. weightj the short arm was 7i inches long. 

With U ft. 91 t, 6jf inches long. 

With 3 ft. i, • 5-J- inches long. 

That is to say, the resistance increases directly with the 
weight. 



CHAPTER III, 

OF I«ATERAL RESISTANCE. 

A ship impelled through the water hy wind acting on its 
sails depends for speed in no small degree upon the lateral 

resistance it makes, and the situation of the centre of that 
resistance. 

The following experiments were uudertaken to ascertain the 
law, an4 bow influenced. 

Experiment 5. 

Firsjb, arpmid mi near the midship section of a model ship 
was fastened, yet readily moreable, one end of a line ; the other 
end left to be taikeu in h^d, a sufficient quantity of line heing 
allowed between to tow the yessel through the water towards 
the shore, when placed at some distance from the same. 

And second, the model put on the water was repeatedly 
drawn to the shore, and the point of fastening of the line as 
frequently shifted. The efiFects were these : 

When the point of fastening was situated a trifle towards 
the head, the line on being pulled drew the head forward ; and 
when fixed rather astern, then the stem was drawn forward ; 
thus proving there existed a point pr centre of balance. Bj 
carefully moving the place of fastening, it was readily found, 
upon measurement, to be situated exactly in the mid-length of 
the keel and part of the projecting cutwater, the Tessel floatiiig 
upo^ a level keel. 
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DuHng the carrying out of the above investigations, it was 
obieiTed, that when the ressel was made by the luie to 
progress forwards, as well as sideways, the centre of lateral 
resistance moved also forwards ; and this, of course, was in 
consequence of its bows meeting with greater resistance than 
when moved exactly sideways. 

The reason is obyions ; first, because the water at the bows 
became condensed, and thus made greater resistance; and 
secondly, the water being driven up against the bows, higher 
than the snrronnding fluid, produced its effect. 

The above-named resistance equalled, it was found, about 
one-twelfth of the length of the body immersed ; but which 
proportion must vary, howerer, with the speed. 

The centre of gravity in all these experiments seemed to 
haVe little or no influence with regard to the centre of lateral 
resistance, it being regulated by the perpendicular surface 
exposed to the water ; and the centre of which was the centre 
of lateral resistance when the force of the water acted at right 
angles to that surface. 



CHAPTER IV. 

OF StABlLITY AND ITS LAWS* 

Experiments relative to tlie Law of Stability when the Width 

cr Beam it inereoMd, 

For this purpose four pieces of deal were chosen of tiie 
following dimensions : 



No. 


Lengthk 


Width. 


Depth. 


Weight. 


1. 


15 in. 


3 in. 


2 in. 


1 lb. 8 oz. 


2. 


15 in. 


4<|>in. 


2 in. 


21b. 3os» 


3. 


15 in. 


G in. 


2 in. 


2 lij. 13 oz. 


4. 


15 in. 


7iin. 


2 in. 


3 lb. 7 0B« 
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In order to ascertain the stability of each respectively, as 
thqr in torn floated upon the water^ a small moveaible mast, 
3 inches high, having a hole through the top, was fixed on 
the upper surface, and in the centre of gravity ; one etid of a 
line was looped over a nail driven into the side of thu Ivood, 
when the other end was first passed through the hole^ then 
continued on over a pulley^ and at the end a smaU bag was 
attached for the convenience of holding weights. Into the 
two extremities of the same piece of wood as No. I, nails were 
driven lightly, and at the points where the centres of tho wood 
cut the line of Rotation. Over the heads of these nails a string 
of siofficient length was secured by two loops, the other ends 
of the strings bemg then made fast to nails driven into the 
side of the cistern of water, and at the water level, but in the 
direction opposite to the string going ov^flie pulley, with the 
view of coontafaeting tibe force of the weights. 




A, B, the tank, and a, the snrfiuse of the water.— c, the 

model. — o, the mast through which the line e, g, h, i, passes, 
being first attached to the model by a nail at k. — ^w, the 
weight. — M, the stool which carries the pulley. — L, a shore to 
steady and support the pulley* 
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Ko. 


Lengtk. 


Width. 




depth. 


i. 


15 in. 


3 in. 


2 in. 


1 in. 


2. 


15 in. 


4^ in. 


2 in. 


1 in. 


3. 


15 in. 


6 in. 


2 in. 


1 in. 


4. 


15 m« 


7\in. 


2 in. 


1 in. 



All being prepared, the weights were put into the bag until 
the 9ide of the piece of wood opposite the puU^ heeled down 
into the water to the depth of 1 inch, preyiously marked ont ; 
and by this means^ the scale, as will be presently given> was 
ohtaiaedb 

I 

Experiment G. — The Scale and Table A. 

Depth or Floating 

StftbiUty. Ratio. 

2 OS. 1 
7oz. 3| 
14 oz. 7 
22 ox. 11 

■ 

The oondu^ons to he drawn from diis scale are, that with 

the same length the ratio of stability is at its limit of rapid 
increase when the width is just one-third of the leoigth ; or, as 
6 t 15 (see No. 2), being nearly in the cubic latio. hhtSt^ 
wards, it approachea to the arithmetic ratio. 

With lespect to the centre of granty of the fonr pieces of 
wood employed upon tlie occasion, it is right to state they 
were cut from the aame plank of timber, which had been se* 
lected on account (tf its apparent uniform density. And the 
models, when put on the water« aU sunk down to the middle 
of their thickness, or jnst one inch out ctf the two ; conse- 
quently, their centres of gravity were exactly level with tlfe 

sur£Etce of the water. 
* 

Experiments to ascertain the Law of Stability as regards the 
IncreoBe of Length, the Width and Thkkneea of the Float* 
ing Boikee being constant. 

For this purpose, six pieces of wood (deal) were employed, 
and of the following dimensions and weights: 
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Experiment 7. — The Scale and Table B, 



V04 




Lengths 








1. 


3 in* 


3 m. 


If OK. 




1 


2. 


3 m. 


6 in. 


2|os. 


f oz. 


3 


3. 


3 m. 


9 m. 


4 nearljr 


Hoi. 


4* 


4. 


Sin. 


12 in. 


oz* 


l|oz. 


H 


5. 


3 m. 


15 in. 


t oz. 


I|- oz. 




6. 


3 m. 


18 in. 


8f oz. 


Ifoz. 


7 



Here the scale of increase is as 1 : 3 when the length is 



doubled ; but after this it takes the arithmetic ratio. 

Further Experiments to determine how the Law of Stability 
operates when the Length and Width of Floating Bodies 
are eonetant, the Thiekneea aUme being varied. 

The following were the dimensions of the models of deal 
selected: 



Experiment 8. — The Scale and Table C. 



No. 


Width. 


LeBsth. 


ThicknCM^ 


Weight. 


StalnUty. 




L 


Sin, 


'9 in. 


fin. 


4 OS. 


If oz. 


H 


2. 


Sin. 


9 in. 


Hin- 


8 oz. 


If oz. 


H 


3. 


3 in. 


9 in. 


If in. 


12 ot. 


If oz. 


3 


4. 


3 in. 


9 in. 


2f in. 


16 oz. 


1 OS. 


2 


5< 


Sin. 


9 in. 


S in. 


20 oz. 


f oz. 





* Or next to nothingi being a eabe* 



In this Table it is seen that when the thickness is in the pro- 
portion of 5 : 12 of ihe width (as in No. 2), or the depth of 
flotation, being here half the thickness, one-fifth^ say, of the 
beam, and the centre of gravity at the water level, the stabi- 
lity is at its greatest. 

And further, that 4 oz. in weight placed low (as in No. 1 of 
this Table), mora than coonterbalanoe 16 os. (as in No. 4), 
when situated hight 
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Mid-MCtions^,- the centre of gravity and line of flotation. 
No. 5. 



1— r4-— -I 





c 








No. i. No. 1 No. 3. No. 4. 

Scale, i inch to 1 inch. 

If these three Tables he admitted as correct, it establishes 

the rule, that the line of flotation, with regard to depth, and 
as it affiects stabihty, should be one-fifth of the breadth of the 
beam, when the body partakes of the parallelopiped form; the 
centre of gravitj being preserved at or just within the level of 
the surface of the water of the floating body. 

Let it be here repeated, relative to all the above experi- 
ments, tbat each piece of deal sunk in the water to half 
its depth or thickness ; therefore, their respective centres of 
gravity were always on a level with the surface of the water* 



CHAPTEi V- 

tlie whole body of a ship comes tlejct into (Consideration; 
tind with the view of investigating the same in a perfect and 
lucid manner, it will be advisable to divide the subject into 
three parU— as 'the Bows,' 'the Stem,* and 'tihe Middle/ 

OF THE FOKM OF THE B0W8. 

The experiments which were put into practice for asccr-* 
taining the law relative to the difference of form when exposed 

A 5 
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ON THE FORM OF SHIPS AND BOATS« 



to the action of water are arranged severally as follows ; and 
the diagram beneath exhibits the mode by which the testing 
of the speed was applied. 



The balance-rod. Scale^ of an inch to an inch. 



Leogthi 



3 it 10 in., or 46*eigbtli8. 



First. The form of tibe model selected was that of an iso- 
soeks triangle, hvm^ the perpea&iilar dtstanee of the base 
from the apex three times the width of the base. 

Weighty 12 oz. ; thickness, 1^ inch. 




tapermeni 10. 

Second. This form was an isosceles spherical triangle^ of 
the same perpaidicular length and width at the base as the 
preceding, but having the two sides uniting the base with the 
apex eoQTex; the curve subtending at the middle of the length 
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one quarter of an inch beyond the straight lines uniting these 
two points. 

aad thieluieM is A. 



B 


9«0 


> 


« 




«9 



Mxperiment 11. 
Third. The form of an isosceles triangle^ with its two sides 
Waved; and the dim^uions in other respects the same as 

models A and B. 

Weight and thickneM m B« 



c 










J 


• 



These three nodeLs of deal A, B, C» of Aie smne precise 
weighty depth, width, and lengthy were tested on the water 
against each other^ hj the baianoe>rod^ and the following 
results were obtained : 

Model B had the greatest speedy 

Modd A the next. 

Model C the least. 
But the difference between them was trifling. 

Experiment 12. 

The model A was then tried againtil the fourth model Bj of 



.5 
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the same form of bows, dimensions, and weight, but having 
its lower isosceles sides bevelled oif. 

The difference of speed between these two was not per- 
ceptible. 

EjtpiarimeHi 13. 

The next test of bows was with those of less sharpness;, and 
oompaied first with the sharp^modelled bow and then with 

others of less acute angles. 

lYeight, 14| oz.; thiekneu, 1^ inchj 



£ 



— """""^^ Gin - . , 






CO 

* 



tlie isMsdes triangle fmn of bows»£,hadits perpendicular 

distance from the base 6 inches, yet having the widths depth, 
and weight precisely t)^e same as A. 
. The eomdnsioa anriyed at Iras, thai th^ speed of A t £ : : 



Siperimeni 14. 

The speed of E was then tested with the speed of the model 
baying its base and sides equilateral. 



Inreight and tMdmeit at B. 





(•5 13/'^' 







the result gave the speed in favour of E ; F : : 3 : 2. 
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Sgperiment 15. 

The model F was tried against G, a model having its ioft^k 
a spherical equilateral triangle. 




The weight of model G the same as F ; the speed in faYOur 
dfFwa8»F:6::6}5i. 

Expenment 16. 
The last test was between the equilateral triangle bows F, 
and the bows H* of the same dimensions and similitude ; but 
having its isosceles sides bevdled off> the angle at the cut- 
water being 45*^. 

Weight and tlueknett as F. 




The speed of H was to that of F : : 5 s 4. 

Hie bevelled bows of H threw the water off admirably, or 

rather it may be said to ride over it ; it was always dry during 
the experiment ; whereas F shipped water continually over the 
bows with the least extra speed. 

The conclusions obtained by the experiments in this chapter 
are» that the more sharp the forms of the bows the less is the 
resistance from water; and when a gentle curve is given to 
the bows^ the speed is rather improved. Again, by the bevel- 
ling of short bows, the speed becomes greatly improved ; but 
this is not so apparent in the long and sharp bows. The 
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bevelled short bows rode over the water, as it were, or at kast 
was in ii degree lifted by it, and therefoie did not throw the 

water up like the perpendicular side bows. 



CHAPTER VI. 

XZFERIMENTS RELATING TO THE STERN. 

Experiment 17« 

First, with the sides parallel and tapered. Two models 

having the same form of bow, an isosceles triaugle of 3 inches 
perpendicular distance from the base, and 3 ioches wide; with 
the bodies attached 6 inches long ; one of them with parallel 
sides, the other tapered as shown in the diagram ; scale \ inch 
to 1 inch. 







No. 1.— Weil 
' 


' CO 


(bt, lOoc; thicknesi, H inch, 







Me. a^Weigbtt 10 M.; thiekaeifi^ U iaeb. 



Upon being tested against each other, there appeared a 
slight degree of speed in favour of the parallel-sided model 
(No. 1), and decidedly greater stability than was possessed by 
the tapering-sided model (No. 2). 
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Sxp6fiiiiiWfU 18. 
A tbird model (No. 3) of th« same bows, length, width, 
and weighty was tested against No. 1 } but haying its sides 
bevelled towards and at the stem* 




Ntf. 3.— -Wdght, lO oz. ; thickness, 1^ inch. 



The remit of the trial was, that ihe speeds of No. 1 and 

No. 3 were equal ; but No. 3 was inferior in stability, and sank 
deeper into the water than No. 1, and was less steady in 
its course. 

BxpenmetU 19. 
Two models having the same form of bows at the preceding 

(Nos. 1 and 2)^ but with the bodies 12 inches long; one of 
them with the sides parallel the other tapered, aa exhibited 
in the diagrams marked Nos. 4 and 5. 







13m 










0) 





No. 4.<»Wei£^t, 17 08.| thickntts, H inch. 




Ko* 5.— Weif^ht, 17 w. $ ihidawM» 1^ inch. 
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When the models (Nos. 4 and 5) were tested together, the 
speed of No. 5> having tapered sides, was considerably inferior 
to the one with parallel sides ; the proportion in speed of the 
parallel sides to that of the tapered sides : : 3 : 2 ; and as 
respects stability, the parallel-sided model had Tcry greatly 
the advantage. 

Experiment 20. 

Again, experiment made between two models of the same 
form of bowSy &c., as those just tested, bnt with the bodies of 
each lengthened to 1 8 inches ; one having the sides parallel, 
the other tapered; indeed, both after the forms of Nos. 4 and 
5, bat longer by 6 iiiches. The wdght of each eqttalled 1 ft. 
7 oz. ; thickness, \\ inch. 

The speed, in this instance, between these modds wlui not 
so dissimilar as in the trial with the two former models (Nos. 
4 and 5) ; but still the tapering proved in^urioos, and in the 
proportion of 5 1 4. 

In the experiments here given, they prove most decidedly 
that tapering the whole length of the body of a ship is Tery 
detrimental to speed. 

The experin ents next undertaken relate to the tapering of 
the under part or bottoms of ships towards and at the stem. 

Eaq^enmeni 21. 
Two models of the same form of bows, and having their 




1 t 




J'- 
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respective lengths, breadths^ thickness, and weighty equal ; but 
one of them cut inclined up at an angle of 14% commencnig at 
one-third of the length from the stern ; the other also cut 
inclined up, but at au angle of 7% and commencing at the 
mid-length, as in the diagrams A and B, whieh when tested 
together, A beat B in speed by a trifle. 

Experiment 22. 
Again, a third model marked G, of the same dimensions 

and weight as A, but the bottom not cut inclined up ; upon 
being tested with A, A had the greater speed of the two^ 




Wdghl, 16 OS. 

The model C was then tested with a model £, wluch differed 
from C by having its sides towards and at the stem inclined 

by a gentle curvature, commencing from near the midship. 
The balance-rod gate the speed greatly in favour of the curved 
sides ; for the model £ required the additional weight of 2o2. 
to be put into it to reduce its speed to an equality with the 
model C. The weight of each model equalled 16 os., there- 
fore the speed of E was superior to the speed of C by oue-eighth 
of the weight* 

Erperimeni 23« 

Two models having the same form of bows^ likewise the 
same breadtli, length, depth, and weight; but <me of them 
with paralld sides and bottom as the model 0 ; the other with 
the sides tapered curvilinearly towards and at the stem, and 
the bottom cut up inclined, and commencing in both instances 
at one-third or 6 inches from the stern ; the length of each 
model 18 inches, and their respective weights 17 02« 
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The difierence of speed between these two models was greats 
and on the side of the conriMnear-foAned sterna and nearly in 

the proportion of 3 ; 2. 

Experiment 24. 

When the parallel-sided model (the one employed in the 
last ez{ieriment) had its sides made also curvilinear) hnt not 
the bottom, its speed, upon again testing the two last models 
together, was found to he improved Tery materially. 

These latter experiments were tried against each other by 
weights, as well as by the difference of the laigth of lever, and 
ttie results Hvere, that the model with cnlvilinear sides and 
indined-up bottom, beat in its speed the model with parallel 
sides and bottom, and required the additional weight of 8 oa. 
to be put into the former to reduce its speed to an equahty 
with the latter. 

ExperiiiiMnt 25. 
Upon shaping the parallel sides only to the curvilinear form 
o^ the swifter models the speed of it was so far increased, in 
consequence, that 3 os. extra weight were then sufficient to 
equalise the speed of both. 

Experiment 26. 

The curvilinear sides of the original parallel-sided model 
were next reduced to straight lines, the convexity of each • 
b€;^lg removed; and when tested with the swift model, it was 
found to be considerably injured in its speed, having lost by 
the alteration of the curves to straight lines, to the amount of 
1|> 0E« in we^ht i because the now straight-line tapered stem 
required the additional weight of 4|> oS. to be put into the 
swifter model, to equalise their speed, instead of 3 oz., when 
the sides wm curvilinear. 

The curve employed in the foregoing experiments was the 
segment of a circle, which subtended at the centre of the 
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length of the straight line in the proportion of ^ of an inch in 
6 mchea. The angle of the tapering, measured by straight 
linesj was 10^. 

Experiment 27. 
Having altered the eorvatnre of the sides in another models 
and from the subtension of ^ inch to i inch in 6 inches of the 
length, the speed upon trial was proved to he deteriorated to 
the amount, in weight, of 1 oc. out of 2 oa., the previous speed, 
or injured by one-half. Indeed, after many experiments 
made with the view of thoroughly testing the princq[ileof 
tapering the sides and bottoms of models towards and at the 
stem, the results gave equal benefit ; meaning, that when the 
sides were tapered, the improvement in the speed which 

followed was, when estimated by weight, equal to 4 oz. And 
the tapering of the bottom towards and at the stem produced 
improvement in the speed likewise equal to 4 os. ; or 8 oi. 
altogether, in superiority of the model having its sides and 
bottom continued parallel and level. 



CHAITER VII. 

nXPS&IMSMTS RBLATIN6 TO THB IIIDDLB. 

The segment of a eirde whidi subtends ^ inch in the centre 
of a base line of 6 inches having proved beneficial towards the 

promotion of speed when appUed at the bows, as given in 
Experiment 10, and at the stem in Experiment 24, induced a 

further trial of the same curve in the experiments annexed. 
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A. ■ 






A 


IB IB 


G3 




«o 




Y - 


I") 



Scale^ \ ineh to 1 inali* 



JSjcperiment 28. 

two models (Nos. 1 and 2) of the same bowSi length, 
and weight, but differing in their sides, one being parallel, the 
other conyexed ; the rise at mid- length being i an inch to the 
whole length of side of 12 inches, according to the proportions 
before adopted. 

Upon being tried against each other at the ends of the 
balance-rod, it appeared that the speeds were equal. This 
makes a third instance of the good'qnalities of the curve in the 
promotion of speed over the straight line. 

In this experiment is seen greater breadth of beam^ equal 
indeed to one^fourth ; yet, by the adoption of the carve in 
question, equal speed is obtained. 

Experiment 29. 
Segments of circles of different diameters were further 
applied and tested against two parallel-sided models ; one of 
the same breadth of beam, the other of less beam by one-fourth 
part; all three, however^ of the same weight, 23 ounces^ 

Scale, I inch to 1 inch ; thickness, 2 inches. 
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Modelled from the horizontal section of th^ ^le fisl|« 

The first trial took place between the models A and C. The 
result g|iT0 the speed of C to be greater than A« in the prppor* 
tk»i of 5 : 4 ; or taken in weight, equal to 8 ok. ; because the 
model C required to be loaded with that weight extra, to retard 
its speed to an equality with the speed of A. 

Sjtpermeni 30* 

The second trial was between the models A and B. In 
this instance^ the speed of A bei^t t^^it of B, hj the extra 
weight of 4 08. 

JBxp€fifnefit 31* 
In the third trial the speed of the model C beat that of the 
model B« by 12 os. extra weight. 

JEitperimeHt 32« 

The model C was drawn through the water having its stern 
or sharper end foremost ; and in consequence of so doing, the 
speed was reduced. Moreover^ by the sharper end going 
foremost, the steadiness of its course was in a great measure 
destroyed, the model requiring a piece of keel to be attached 
at the aft end to cause the body to preserve a straight course ; 
and which was not found necessary when the bluffer end or 
bows met the water when floating upon an even keel. 

The inference to be drawn from the last four experiments is 
in every respect in fayour of the bird or duck-shaped model C ; 
at the same ^e pointing out the wisdom of preferring the 
bluffer or larger end to go foremost, rather than the sharper 
end. 
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CHAPTEA Vm. 

The subjoiQed experiments were underUken to ascertain the 
effects of the cnrring up of Tessels from the midship section, 

both to the head and stem. To this end, three models were 
made of the precise form and siae of G in the preceding 

chapter, with the exception of their being varied from it as 
deUneated below; scale» ^ inch to 1 inch. 



Side Tiew of model C— >Wei£^t 22 oa. 



1 ir«i 


tr ZtM 







The modal with the bcwi firom 1 to 2 cut incliAe4 up. 

4 



• E 



p. 



The modd Witt tiia iteim ficom a to 5 eoi iadbid 



WaieA £in€ 




The modal with both the bows and stem cut inclined up. 

The indination upwards, or emrres at both the bows and 

stem, of these diagramsi are sections of two circles ha\ing 
their eentm in the same straight line (nimibered 2, 4,) at the 
midship sections of the diagrams, when produced indefinitdjr 
in the direction of 2« 4; and their drcumferences passing 
through the points 1 and 2, 2 and 3. 
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Experiment 33. 
The models G and D being £rst made of equal weight, were 
tested as to their speed; and it was found that the model D • 

with its bows cut inclined up^ beat C with the level bottom hy 
8 oz. additional weight. 

Experiment 34. 
Next, the model G was tested with E« having its stem cut 

inclined up ; when C was again beaten in its speed, the model 
carrying with equal speed 6 oz. extra weight. 

Escperimeni 35. 
After this, the two modeb D and £ were tried against each 

other, and the advantage of speed was, in weight, 2 oz. on the 
side of the model D. 

Experiment 36. 

Iiaatfy, the models C and F were pat upon the water togethcTj, 
the latter having both its bows and stem cut inclined up. The 
difference in their speed was altogether in favour of F ; indeed, 
equal to 12 os. or more^ for thia extra weight was not snf-* 
ficient, when put into F, to equalize the speed of the two 
models ; but the.grea^ weight F already carried was quite load 
enough, without sinking too deep into the water. 

The conclusion to be here drawn is, the positive good effects 
from the cutting or curving up of both the head and stem of 
vessels, when connneneed from the midship section, and 
extending as far nt least;, each way, as the load water-line. 



CHAPTER IX. 

OF THE MIDDU LBNOTH OW A SHIP. 

The following experiments were undertaken to ascertain the 
properties of the middk lettgih, or centre bo^ of a dup* 
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Three modek having parallel sides, flat bottoms^ the same 

form of bows, and all the same breadth of beam (namely. 
Si inch^) ; yet Taryiug 14 their lengths as follow^, but of 
equal weights length of A« 9 inches; IS^-inishess C» 18 
inches. 

Scale, i inch to 1 inch. Weight of each, 20 oz. 





/8 m 



J 



This difference in their respective lengtlis was made for the 
purpose of ascertaining the effects of increased length, with 
regard to sp^ed* and the power of carrying weight. 

Experiment 37. 

The model A was tested by the balance-rod with B, and 

wliipli beat in speed A, so as to require the weight of 8 oz. to 
be put into B, to retard its speed to that of A. 

Experiment 38. 

B being tested with C, C required the weight of 8 os. to be 
put into it, to cause the speed to equal B, being the same 
difference as in the first experiment ; and therefore the speed 
of C will equal the speed of A, and carry at the same time 
1 6 oz. additional weight. 

The same law exists in models of a different form, and is 
instanced in the following experiments. Three models were 
tested against each other to discoyer the difference in their 
speed, having level bottomsi of the same weight and breadth 
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of beam^ but varying in their lengths; scale^ \ inch to 1 
inch. 







C 




-M? ^ 



No. 1.— Weight, 22^ oz. ; thieknesB, 2 inches. 





-\ ^ 







No. 2. — Weighty 22| oz. ; thickiie»8» 2 inches. * 
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No. 3.^Weight, 22^ oz. ; thickness, 2 inches. 



Experiment 39. 

No. 1 was so far inferior in speed to No. 2, that an extra 
weight of 12 oz. was put into No. 2 before its speed was re- 
tarded to the same rate of speed as No. 1. 

Experiment 40. 

Now No. 3 beat m speed No. 2, so as to require 12 02. to 

be placed in No. 3 to bring their speed to an equaUtj. 

The inference to be draws from the foregoing experiments 

is, that additional leiit^lh gives increase of speed ; or will carry 

the weight through the water with proportional less resistance. 

The stability, likewise, increases with equal ratio^ as giren in 

Experiment 7. The cause of this less resistance must arise, 

in the first instance^ from the same dimensions of bows and 

breadth of beam clearing the way for the increased lengdi of 

the after-part; and in the second, iu consequence of the 

n 
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increaBed length* which is followed hy increased snrfiuse- 

bearing; therefore the whole weight displaces less depth of 
water : hence arises less resistance when the length alone is 
concerned. With respect to the increase of the breadth of 
beam improving speed, the cause proceeds from the curves 
and the enlarged snrface-bearing combined; otherwise* the 
result of the experiments (Nos. 1 and 2, &c.) would have 
decided to the contrary. 



CHAPTER X. 

FORM OF THE MIDSHIP SECTION. 

This chapter relates to the form of the midship section* — 
its importance as to a ship's speed, and to determine which * 
the experiments* as detailed in the subsequent pages* were 
resorted to. 

Four models, all of the length of 14 inches, and 4 inches 
wide* having their sides parallel and bottoms leyel* of equal 
weight, namely dOf os.* but the midship section of each 
varying as represented in the dia^ams, were tested one with 
the other : first* to ascertain their speed ; next* their stabiUty ; 
third, their lee-way ; lastly, their burden or fioatmg depth. 



1^ E3 




Midship sections ; scale, ^ inch to 1 ioch. The dotted line is the 

float-line. 

The comparative velocities, as denoted by the balance-rod, 
were as follows : 

Experiment 41. 
No. 1 beat in speed No. 2 by 2 oz.* that extra weight being 
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required in No. 1 to retard its speed till it equalled that of 
No. 2. 

Experiment 42. 
The speed of Nos. 2 and 3 proved equal. 

Experiment 43. 

The speed of No. 4 was the worst of them ail» since it re- 
quired 4 OS. extra weight to be put into No. 1, with which it 
was tested, before its speed equalled that of No. 4. 

The inference to be drawn from the experiments is« that the 
curve gives greater speed than straight lines with angles. 
When the bottom of No. 4 had its angles cut off so as to form 
an ellipse, its speed was in consequence so far improved that 
2 oz. in No. 1 were sufficient ^ or the velocity of No. 4 became 
equal to Nos. 2 and 3. 

Of the stability and floi^g depth of the above four 
models, — 

No. 2. Stability equalled 3^ oz. Floating depth 1 inch. 
No. 4. Stability equalled 3 oz. Floatmg depth \\ inch. 

No. 1. Stability equalled 2^ oz. Floating depth If inch. 

No. 3. Stabihty equalled If oz. Floating depth 2 inches. 

No. 4. Ellipse equalled 3 oz. Floating depth 1;^^ incli. 
Here we have No. 2 possessing the greatest stability, and 
No. 3 the least, both being of the same speed. And again. 
No. 2 draws but 1 inch of water, whereas No. 3 draws 
2 inches, or double, though of equal weight. 



CHAPT£E XI. 

OF THE UE-WAT, OR IiATERAI. RESISTANCE. 

This property in a ship depends (see Experiment 5) directly 
upon the perpendicular depth at which it floats, and the length. 

b2 



» 
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The following is a course of experiments relative to the lateral 
resistanee of different midship sections or forms^ and haying 
reference to the depths of keels. 

The midship forms selected for the experiments were those 
which had been employed in Chapter X., Experiments 41, &c. 
The diagrams are again given, but with the addition of keels to 
two of them. The results were measured by the length of 
lever, not by weights. 



123 ^ 




0, the centre of gravity, and the dotted lines the d^th of flotation. 



Experiment 44. 

No. 1. Semkirciilar bottom .1 Weight r£achwith|in. 
No. 4. EUiptic bottom . . , / 1 ft. 13 os. \ depth of keel. 

BemnU.^'^o. 1 resisted most» and equal to 1 inc h of lever. 

Ejcperiment 45. 

No. 1 . Semicircular bottom . 1 Weight f Eacli with ^ in. 
No. 2. Fkt bottom . . . . J 1 ft. 13 oz. \ depth of keel. 

Remit. —^Q. 2 resisted most, and equal to i\ mch of lever. 

Experiment 46.- 

No. 1. Semicircular bottom .1 Weight f Eachwithim- 
No. a. V or Triangular bottom / 1 ft. 13 os. \ depth of kcd. 

BeeM.—'Ho. 3 resisted most, and equal to 1 inch of lever, 

but was disposed to turn oyer. 

Experiment 47* 

No. 1 . Semicircular bottom . \ Weight / With \ in. keel. 
No. 4. Elliptic bottom . . . J 1 ft. 13 oz. I With 1 in.keel. 

Am^^.— No. 1 resisted most, and equal to 1 inch of lever. 
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No. 1. SemicirciilaT bottom .1 Weight / With ^ in. keel. 
No. 2. Flat bottom . . . . / 1 ft. 13 oz. \ With 1 in. keel. 

Ee$ult. — No. 2 resisted mo8t» and equal to 1^ inch of lever. 

Experiment 49. 

No. 1. Semicircular bottom .1 Weight f With J in. keel. 
No. 3. V or Triai]^;uhtr bottom j 1 ft. 13oz.\ With 1 in. keel. 

Result. — No. 3 was overturned by the resistance. 

Experiment 50. 

No. 1. Semicircular bottom . 1 Weight f Each with a in. 
No. 2. Flat bottom • . • . j 1 ft. 13 oz. \ depth of keel. 

Seault, — ^No. 2 lesiated moBt» and equal to 3 hiehea of lever. 

Esperiinent 51. 

No. 1. Semicircular bottom ,1 Weight f Each with ^ in. 
No. 4. Elliptic bottom • . . j 1 ft. 13 oa. \ depth of keel. 

lUsult. — ^No. 1 resisted most* and equal to 1 inch of lever. 

Experiment 52. 

No. 1. Semicircular bottom . 1 Weight f Each with ^ in. 
No. 3. Y or Triangular bottom j 1 ft. 13 os. \ depth of keel. 

Result, — No. 3 resisted* but overturned. 



Experiment 53. 

No. 1. Semicircular bottom .1 Weight f With ^ in. keel. 
No. 2. riat bottom . . • . J 1 ft. 13 oz. \ With \ in. keel. 

BentU. — ^No. 2 resisted most, and equal to 1^ inch of lever. 



BsperimetfU 54. 

No. 2. Flat bottom . • • .\ Weight f No keel. 

No. 3. V or Triangular bottom J 1 ft. 13 o«. \ No keel. 

J2^fti^.-^The resistance equal. 
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Hjcperimeni 55. 

No. 1. Semicircular bottom • 1 Weight f No keel. 
No. 3. V or Triangular bottom j 1 ft. 13 oz. \ No keel. 

Result. — ^No. 3 resisted most» and equal to 4 inches of lever. 

JSjaperiment 56. 

No. 3. V or Triangular bottom "1 Weight f No keel. 
No. 4. Elliptic bottom • . » j 1 ib. 1 3 oz. \ No keel. 

Betult — ^No. 3 resisted mostj and equal to 6 inches of lerer. 

Experiment 57. 

No. 1 . Semicircular bottom . 1 Wcii^ht f With J in. keel. 
No. 2. Flat bottom • . . . j lib. 13 oz. \ No keel. 

Result. — No. 2 resisted most^ and equal to 1^ inch of lever. 

ExperimeHt 58. 

No. 1. Semicircular bottom . 1 Weight f With 1 in. keel. 
No. 4. Elliptic bottom . . . / 1 ft. 13 os. \ With \ in. keel. 

Result. — ^The resistance was equals but No. 1 overturned. 

Observations on the Results of the Lateral Resistance of the 

Four Models . 
No. 1 resisted most with a depth of keel of \- inch. 
No. 2 resisted most with a depth of keel ^ inch, ^ inch, 

1 inch, and no keel. 
No. 3 resisted most with no keel. 

No. 4 was beat in every instance when tested against either 

of the others with equal depth of keel ; but was equal to 
No. 1 when that had 1 inch keel and No. 4 had \ inch 
keel. 
Again — 

No. 1 possessed the least resistance with 1 inch of keel. 
No. 2. The variations in the depth of keel made no differ* 
ence. 



. 1^ l y Google 



LBB-1¥AY^ Oa LATERAL RESISTANCE. 



31 



No. 3 had the least resistance with 1 inch of keel. 

No. 4 had the least lesiBtaiice with no keel. 
The scale of superiority appears to be thus — 

No. 2» the flat-bottomed, most decidedly the best, or 1. 

No. 1, the semiciTcolar-bottomed 2. 

No. 4, the elliptic-bottomed ^. 

No. 3, tiie triangnlac-bottomedy the most dangerous, 
except with no keel 4. 

On turning to the diagrams it will be seen that the centres 
of gravity of Nos. 2 and 4 are lower than those of Nos; 
I and 3. Again, the lines of flotation of Nos. 2 and 4 are 
likewise lower than Nos. 1 and 3. This being the case, the 
lateral leverage of Nos. 2 and 4 above the water is greater 
than that of the other two ; and their leverage is, on the con- 
trary, greatest in the water, particvlarly the triangnlar bottom. 
No. 2 floats higher than it would have done, had it not been 
made hollow in part to reduce its weight down to the others. 




The mode by which the lateral resistance was tested will be 
dearest uiderstood by the inspection of the accompanying 
diagram, a b represents the upper surface of the models, 
being 14 inches long and 4 inches wide at g u ; c and d the 
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two nails to which the lines c £ and d e, were attached ; £ f 
is the sbgle line fixed on the end of the balance-rod f. The 
sides of the models were rounded off as a o i, to prevent oscil- 
lation whilst being drawn through the water; at the same 
timei partaking more of the usual form of the sides of a 
ship. 

Whilst carrying out these experiments on lateral resistance 
and keels, many instanoes oecnrred of the superior effects in 
the lengthening of a keel, oyer the deepening of one. The 
deepening of a keel acts directly and powerfully to overturn — 
not so the lengthening ; and although a small addition in 
depth may, and does, under certain circumstances, improve 
a ship's lateral resistance, yet if the depth he much increased; 
it so militates against the object sought by the great inclina- 
tion which ensues, consequent on the force of lateral resistance* 
as to be altogether injurious. 

The next experiments were taken to ascertain the effects, as 
regards speed, of curvii^ up the bottoms of vessels frm the 
midship or mid-length, to both head and stern as high as the 
load water-line ; or commencing the same at one -third or one- 
fourth of the length of each, and leaving the middle one-third 
or oue-fouith of each quite straight or uncurved. 



Experiment 59. 
A model 14 inches long, 4 inches wide, and 2^ inches m 
thickness, weight 30 oz. ; curved from middle length to head 
and stern as No. K 

2 
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UMperiment 60. 
The model No. 2, of the precise length, hreadth, depth, and 

weight as No. 1, but having the bottom, ab, oiie*third of the 
kngthi quite level or straight* 




The model No. 3, of the same dimensions, &c., as the pre- 
eeding^ but with the bottom, A b, left flat half of the length. 

No. 1 beat in speed No. 2 by 1^ oz. extra weight ; No. 2 
beat in speed No. 3 by 2 oz. extra weight : therefore No. 1 
beat in speed No. 3 by 3} os. extra weight* 

EsjfermmU 62. 
This experiment was undertaken to ascertain what might be 
the advantage, as regards stability, by constructing a ship 
with projecting sides, instead of carrying them up perpen- 
dicularly. 

Two modela were mad^ each 15 inches long, 2^ inches 

■ 

deep, widi ftit bottoms ; bnt one (rf them 4 inches wide and 

perpendicular sides, the other being in width at the bottom at- 
midships 3^ inches, and across the top 4^ inches, and making 

an angle from the perpendicular of 1 1^. 

Sectious of 



the models taken at the midships. 




tollaeh. Wfi%|itolescli,40oi. 

b5 
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These models were first tested upon the water, each in solid 

wood, when the stability of each equalled 3 oz. But when 
ft part of the upper insides of both the models was hollowed 
out, which reduced their respective weights to 33 oz., the 
stabiUty of No. 1 equalled 3^ oz., and that of No. 2, 3 oz. 
only. 

Let it be observed, that before either of the models was 
lightened. No. 1 sank in the water 1^ inch, and No. 2, If inch. 
After being lightened. No. 1 sank in the water If inch, 
and No. 2, 1^ inch. 

The result of lightening the weight of each model from the 
upper part was the lowering of their centres of gravity, which 
at once became apparent in No. 1, by its increased stability. 
But the same result did not follow in No. 2, because of the 
diminished width of the lower line of its flotation. This proves, 
. most clearly, that the mere loweiiiig of the centre of gravity 
acts with far less effect, with respect to the increase of stability, 
than the widening of tho beam, or preserving the same as in 
No. 1. 

OF THE RUDDER. 

The rudder is a fiat frame- work of timber, ascending per- 
pendicularly from the bottom of the keel to a distance above 

the surface of the water, sufficient to admit of a lever being 
fastened to it in nearly a horizontal position, to move the same 
either to the right or left ; it being so attached to the stem-post 
by means of hooks and rides, or similar contrivances, as to 
admit of such lateral motion. 

The purpose of the rudder is to alter the direct course of a 
vessel when its body is going through the water, and into any 
position the helmsman may desire. That the rudder may act 
with full effect, it is necessary for the water to have as direct 
and unimpeded a course against either of its sides as it is pos- 
sible to allow. The wider the body of the rudder is made, the 
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greater the power ; but in general it does not much exceed in 
sailing vessels one tweDty:-eig^th part oi a ship's length. 

OF THE KEEL. 

The keel is that part of a boat or ship which is situated at 
the bottom on the outride, and extends in a direct line from 
the cutwater at the head to the post at the stern, descending 
perpendicularly down below the hull to the depth of several 
inches or ftet, according to the size of the vesseL Its uses are» 
— ^first, to cause the floating body, say of a ship, to preserve 
a dureot course in its passage through the water ; second, to 
act as a check to lee-way; third, to moderate the rolling 
motion. * 

Ships formed with flat bottoms, and particularly if they 
be constructed with parallel sides, require little depth of keel 
to preserve a direct course ; and in order to check the lee-way, 
a substitute for a keel is applied in the form of a sliding keel 
(called lee-board), suspended over the lee-side, as seen in 
barges. But when the bottoms of vessels are not flat, or do 
not draw the same depth of water at the head and stern, par- 
ticularly the latter, the keel becomes more essential, or the 
ship will have a rotatory motion and be under no command. 

With regard to the depths of keels, it will be needless to 
repeat what has ahready been given in the eiperimentiB, from 
48 to 58. 



CHAPTER XU. 

Having terminated the experiments rekting to the midship 
section, and lee<^y or lateral resistance, it will not be de- 
parting from the subject in view, to introduce in this place a 
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few examples of floating bodies varied in their dimensions^ aud 
to compare their respective speeds. 
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A boat K, 4 inches wide and 16 inches long, having the 
nuiahip section at the point of half its length* with the bows 
and stern alike, was tested against a boat C, after the forma- 
tion of a bird» also 4 inches wide at midship, 16 inches long, 
having its bottom not cat up^ the ssme as K. The weight of 
each, 20^ oz. 




The boat K beat in speed the boat C by 2 oz., but its course 
through the water was much inferior to C; therefore a piece of 
keel was neeessaiy to lemedj the eviL The stability of K 
equalled 2^ oz. j that of C, 2 oz. 

Experiment 64. 

A bird-shaped boat H, being 20 mches long and 4 inches 
wide, with a straight bottom, the same as K, was tested jy in ^ y^ 

aboatL; the length, width, M wdght the same as H, which 
equalled 22 os. 
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The trial of these two boats gave the speed on the side of H, 
and to the amomit of 4 oz. in extra weight when the boat L 
was drawn with its stem foremost ; but when tested with its 
bows foremost^ no difference was perceptible between them in 
speed. The stability of H was 2j- 02. ; that of 1^ ox. 

On comparing the speed of H, with its bottom curved up, 
with the boat L, the difference was 12 01. on the side of it 
being so far superior to L in consequence of the alteration. 

SstpBTWMHU 66. 

A boat 0« of the bird shapey 5} inches wide, 28 inches 
long, weight 2 fts. 5 os., was tested in its speed against a 

boat I, also of the bird shape, 4 inches wide, 28 inches long, 
weight 2tss. 5 os. I, sank in the water \H ineh, and O, sank 
^ inch. 
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The result gave the speed on the side of I, in the extra 
weight of 21 oz« The stahihty of O was 8 oz.; that of I, 

Experiment 67. 

The boat O was tested with a boat P, of a different form, 
but of the same width of 5^ inches^ 28 inches long; and 
weight of each, 3fbs. 4 os. or 52 ok. O sank in tlie water 
^ inch, and P sank f inch. 




The, boat O beat P by 2 fss* 5 oz. or 37 Oz* extra weight. 
The stability of 0 equalled oz. ; that of P« 12 oz. 

Ea^riment 68. 

The boat P was tested against a boat Q, being 8 indies 
wide, 28 inches long, and weight of each 3]bs. 4 oz. or 52 oz. 
P sank in the water |> inch» Q sank f inch. 
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The boat P beat Q bj 20 oz. extra weight. The stabUitj 
ofPeqiiaUedl2os.; that of Q, 21 oi. 

Experiment 69. 
The boat Q was tested against a boat being 11 inches 
wide^ 28 inches long, of the bird or dnck shape, each weighing 
5 tbs. 1 oz. Q sank in the water inch^ and E |f inch. 



R 



B 



2a 



^ C 



The boat Q beat the boat R by 4 oz. extra weight. The 
stability of Q was 25 os. ; that of 29 oz. 

Bxperimmt 70. 
The boat Q was tested with a boat T» of the same length 
and width as Q, but of the biid-shape fonn, and each weighing 
4 tbs. G oz. Q sank in the water ^ inch, and T \ inch. 





f 

I MODXL Q. 



The curves ▲!>« am, have their centres at 
D aadt. 

The cnn e D B hM ill mtW tt tOd tlw 
curve B E at K. 

The line| d x and a l are paralkl to AC 
parallel to each other : and the distance of d to 
N is 3 inches, and the distance of b to m is 
4 inches I tbmmatt fb» propottfauuke distances 
of these two liBM 9 KaiMB nan to Mch other 
as3:4« 
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The boat T beat the boat Q in speed by 32 oz. extra weight. 
The stability of T equalled 16 oz. j that of Q, 24 oz. 

Experiment 71. 
This experiment was made to ascertain the law of the 
density of water with respect to bodies floating npon its sur- 
face, and the displacement they occasion. A tin vessel of a 
square form^ and measuring 4 inches cube, was put on the 
water; and having first noted the displacement hy its own 
weight, 2 oz. were then put into it, when their displacement 
was carefully marked upon one of the sides of the vessel. 
Another 2 oz. being added, the displacement was again 
marked; and so on to a third, &c., &c., up to 16 oz., 
altogether makings in the whole, eight divisions. Upon 
measuring the several divisions recorded, they were found all 
equal ; consequently, showing that equal weights caused equal 
displacements. This law applies only to bodies floating upon 
and near the surface. 



CHAPTER XIII. 

Having completed some of the most necessary experiments 
relative to ships, as a supply of materials for the foundation of 
the superstructure, a brief recapitulation of the condnsions, 
before entering upon the constmction of a boat or ship upon 
the principles proved essential to be observed, will, it is con* 
sidered, simplify proceedings, and therefore be next entered 

upon. 

0/ the Mesiatanee of Water agaimt the Head of a Vessel. 
—With a square and perpendicohr bow, the resistance is 

directly as the surface. 
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Of Weight — its Effects when placed in a Body fioating on 
Water, — The resistance of water against anj increase of 
weight is directly as the weight. 

Of Lateral Resistance, — The centre of lateral resistance is 
exactly at the mid-length point of the keel of a ship when 
floating level, and at rest, but not otherwise; for when in 
motion^ the head or bow meeting with greater resistance from 
the water than any other parts, the centre of lateral resistance 
will be moved proportionately forwaid. 

Stability, — ^This acts when the width is increased one-half, 
nearly in the cabic ratio, but not afterwards, being as 2, 7, 
14, 22; and when the length is added to, the law of sta- 
bility, if the dimensions be doubled, operates in the proportion 
of 1 : 3 ; then, the same quantity of length being continually 
annexed, it takes the arithmetic ratio. Again, the height or 
thickness of a body being alone varied, the law of stabilily 
operates most when the depth, measured from the line of 
flotation on the parallel-sided body, equals one-fiflh of the 
width, the centre of its gravity being on a level with the 
surface of the water. 

The Form of the Bawe.— The conclusions are, that the 
sharper the form of the bows, the less isithe resistance from 
water ; and if gentle horizontal curves be substituted for hori- 
lontal straight lines on the sides of the bows, thq speed will be 
. improved. 

The Bevellmff't^ of the Bome. — ^The effect of the beveUiag- 
np of the bows is in ftroor of speed by diminishmg reristance. 

The BeveUing'-up of the Stern. — The tapering of the sides 
throng^iottt the greater length of the boo^ of a ship is detri- 
mental to speed ; but if it be commenced at the midship 
section, and the redaction moderate and a curve, the advantage 
will be great. The same benefit results when the bottom is 
gently curved up from the midship to the stem. 
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Of the Length of Shijjs, all havi?ig the same Bows and Beam, 
. and equal in Weight.— The result obtained i8» — if equal incre- 
ment of length be tested, equal advantages wiQ be obtained on 
tlie side of the equal increments. 

The Form of the Midehip Section, — ^As regards speed, the 
semicircular form possesses the most, and. the triangular one 
the least. Again« the tiat bottom floats the shallowest* and 
the triangle the deepest, being double that of the former when 
of equal weight. 

Lee'Way, — ^This property in a ship depends directly upon the 
perpendicular depth and length at which it is immersed whilst 
floating upon the water. 

Of Floating Bodies varied m iheir IKmimum.— It appears 
that the shallower the same weight can be supported upon 
water, the less the resistance as regards speed; consequ^tly 
extended surface of bearing to a obtain degree is advantageous 
towards facilitating progress, and which a moderate curve 
always imparts. But where an extension of anrfiuse^bearing 
can be obtained without loss of speed, stability becomes directly 
increased, which is a gain in power to vessels impelled forward 
by the vrind, as it admits of a proportionate increase ui the 
breadth of sail, and therefore of speed. 

Whilst carryhag out these particular experiments, it ap- 
peared, that if the angles exposed in any way to the water were 
rounded off, greater speed ensued ; but it was generally at the 
expense of stabiUly, aiid decidedly so if the projectioiis be kw, 
because the greater is the length of lever from the centre of 
motion. 

Curves were found to ikvour speed in comparison with 

straight Hues ; consequently the latter are to be avoided as 
much as possible wherever speed is the-object, and theoar and 
steam are to be the moving powers. 
With respect to the general form of ships, experiment de- 
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cides most positively that the bird or duck species affords the 
true models for comparison and stndy^ since the forms of fish 

are so exceedingly various. 



CHAPTER XIV. 

Much has been said upon the comparative speed of several 
models, likewise of their stability. Now, as stabihty forms 
the basis of the power by which the wind, acting upon sails, 
impels forward the body of a vessel, it will be right to take 
into consideration and calculation these respective qualifica- 
tions, as possessed by some few of the models which have 
been tested. It is evident that those models which equalled 
or surpassed their oompetitom in speed, and at the same 
time had greater stability, will always, under the same weight, 
run away from vessels of less stability ; and if this be admitted, 
it will be necessary only to investigate the mote extreme cases 
of both speed and stability, one or two instances excepted, 
when the merits of all the rest follow as a matter of course. 

JVi^.— Let the model I, in Experiment 66, be selected, 
which is of the bird or wild- fowl shape, 4 inches wide and 28 
inches long. This, when tested with the model O, also of the 
bird form, whose breadth is 5 J inches, length 28 inches, and 
the weight 2^.5 oz., gave the following result : the model I 
beat in speed the model O by 21 oz. extra weight. The sta- 
bility of I equalled 2 J- oz., and that of O, 8 oz. 

Now the 21 ox, extra wright just exceeds the half of 
2 ft. 5 oa. or 37 oi., the whole weight moved. The stability 
of O, which represents the power of carrying sail, is superior 
tothatof I,intheproportionof 8os.to2ios.; 32:10::d: 1 
nearly. Thus, leaving two parts out of the three of O's stabi- 
lity above that possessed by I, which in ounces amounts to 
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37 + 37j the weight of the model O doubled s 74 oz. This 
sum in favonr of O is to be set against the 21 ounces of 
superior speed possessed by the model 1, and iu figures is 
74- 21 = 53 OB. 

The draught in the water of these models, each laden with 
the extra 21 oz.« making a total of (37 + 21 oz.) 3ib. 10 oz.» 
was in the model I, !•}• inch deep, and in O, f inch ; thus 
proving the boat with greater breadth of beam would, under 
canvas proportioned to its stabiUty» be decidedly the better 
boat of the two. 

Second, — The next models for comparison are O and P, in 
Experiment 67. These were both 5^ inches wide» 28 inches 
long, and each of the weight of 3 lb. 4 oz. In this instance 
O proved superior in speed to P by 2ib. 5 oz. extra weight. 
The stability of O now equalled 8^ oz., and that of P 12 oz. 
The extra weight of 2 ft. 5 oz. or 37 oz. equalled, say, two- 
thirds of 52 OB.y the weight moved. The stability of P is not 
quite one-half more than that of O, bat let it be so, which 
sum, if denoted by ounces^ will equal Y = 26 oz., and de- 
ducted from 37 oz., the extra speed of O, will leave (37—26) 
11 oz. as the result on the side of O ; meaning, when P and 0 
moving under sails proportionate to their respective stabilities, 
for their speeds to be equal O must carry 1 1 oz. more than P. 

The draught in the water of these two models, when of 
equal wdght, and each having the extra 37 oz. or total of 
89 oz., was in O 1^ inch, and in P ■} inch. 

Third, — ^The model P again made use of to test the model 
Q in Experiment 68. The dimensions, &c., of P are, width 
5f inches, length 28 inches, weight made equal to 3 ft. 4 oz. 
The dimensions of Q are, width 8 inches, length 28 inches, 
weight 3 fb. 4 oz. The result, as stated in Experiment 68, was 
20 oz. which P carried extra to cause its speed to be equal 
with the model Q. The stability of P equalled 12 oz., and that 



oiyi i^cj by Google 



46 ON TH£ FORM OF SHIPS AND BOATS. 

of Q 21 OS. The stability of Q being 21 oz. is just the stabi- 
lity of P'(12 oz.) and 9 oz. oyer, which equals f of 12 ; there- 
fore J of 52, the whole weight of P, which, when reduced to 
ounces, will be 39 oz. Now, 39 — 20 oz. (the extra weight) 
leaves 19 oz. as the balance of speed on the side of Q. 

These two boats or models P and Q sank in the water 
when each was loaded with the additional weight of 20 oz.» or 
total 52 + 20 = 72 oz. ; viz., P | and Q |. 

The condusion arrived at is, the superior stability of Q 
enables it to have the advantage in speed oyer P» eadk car- 
rying sail proportionate to their stabilities. 

Fmrth, — From the marked speed of O over P» it will be 
right to compare its qualities with those exhibited in Q. It 
has been already shown that the speed of O beat the speed of 
P by 37 oz., and Pbeat Q by 20 oz. ; therefore it will require 
the sum of the two, or 37 + 20 = 57 oz. extra weight placed 
in O to retard its speed till it equals that of Q. The wei^t 
of each, as before given, equalled 52 oz. ; therefore the extra 
weight of 57 oz. exceeds it by 5 oz. The stability of O 
equalled B\ oz., and that of Q 21 oz.^ From the above it 
appears that O has the advantage in speed equal to more than 
the weight moved ; and Q has the excess of stabihty above O 
equal to one and a half its stability ; which being reckoned in 
ounces equals 52 + 26 = 78 oz.; but the extra weight of 57 oz., 
when taken from 78 oz., leaves 21 oz. in favour of Q» the 
model with the greater breadth of beam. 

The depth or draught in the water of the models when 
under the double extra weight of 37 + 20, or 57 oz., makmg 
the total weight of each 109 oz., was in model O, If inch, 
and in Q, li^ inch. The model Q, from its greater breadth of 
beam, would beat the model O, provided, as before mentioned 
in the preceding cases, the surface of the canvas be propor- 
tionate to their stabilities. 
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fifth. — In Experiment 69, the model Q was tested against 
R. The dimensions of Q are 8 inches in width, 28 inches 
loDg^ and the weight 5 tbs. 1 oz. ; and those of B, 1 1 inches 
wide, 28 inches long, and weight 5 fts. 1 oz. also. The model 
Q beat in speed the pdodei K by 4 oz. extra weight. The 
stability of Q equalled 24 oz., and that of 29 oz. 

The extra weight of 4 oz. is one-twentieth of 81 oz., aiid 
the stabiUtj of B exceeded that of Q by 5 oz.» which is rather 
more than one-fifth of 24 ; and, estimated in ounces, will, in 
81 oz., the weight moved, equal 16 oz. ; and, minus the 4 oz. 
extra weight* the measure of the superior speed of Q, leave 
12 oz. as the advantage, ultimately, of R over Q. Admitting 
the above to be correct, then R, under sail, and of equal 
weight with Q, will beat that, or any other of the same length, 
but having the beam of less dimensions. The two models Q 
and R sank in the .water |> inch when of the same weight and 
with the addition of the 4 oz. extra, or total 85 oz. 

Sixth. — In Experiment 70, the model Q was tested against 
T, the diAiensioiis of these two boats being the same in width, 
length, and weight.. The result of their speeds is also 
denoted— that T beat Q by 32 oz. The stability of T equalled 
16 oz., and that of Q, 23 oz. 

Therefore Q has more stability than T by nearly one-half, 
bemg 7 oz., which, if put in ounces, equals 30^ oz. But the 
extra speed of T was 32 oz. ; and, taking 30|^ oz., or 32— 30|-, 
leaves the sum of 1^ oz. on the side of T, which would in 
consequence, under equal weight and sails proportionate to 
their stabilities, beat Q by the said extra weight of 1| oz. 
The models Q and T sank into the water when of the same 
weight, thus : Q sank fg. inch, and T sank 1^ inch. 

The inference which may be drawn from these calculations 
is, that if lengthened, would beat B ; and B, if made longer 
than would again beat Q. 



Digitized by Google 



48 



ON TU£ FORM OF SHIPS AND BOATS. 



CHAFTEft XV. 

It lias been seen in the investigations of the preceding 
Chapter, that when any two of these models were of equal 
weight and equal lengthy the one with the greatest breadth of 
beam beat the other. In the Experiments m Stability 
numbered 8, and Scale C, it is shown, that when the thickness 
or depth of flotation is varied* the breadth and length being 
preserved constant* the greatest stability exists at one-fifth of 
the beam. 

Now* it has been before mentioned in the last Chapter 
relative to the depths of the lines of flotation, that in some 
instances, as in Experiment 66* in I* it exceeded the one-fifitii ; 
and in others, as in Experimaits 68* 69* it was less. Upon 
testing a few of the models between one-fiflh and one-fourth 
for the line of flotation* the following proved to be the 
case. 

With the models I and O* each having their lines of 
flotation situated between the one-fifth apd one-fourth* which 
in the model I equals | inch, and in O equals If inch, at this 
depth the weight of I was required to be increased until it 
altogether equalled 39^ oc.* and model O equalled 78 ox. 

In the Experiment No. 66, the models 1 and O being then 
of equal weight* the speed (ji 1 beat the speed of O by 21 oz. 
Under the present drenmstances, O exceeds the weight of I 
by 39 oz. * therefore I has the advantage over O of 21 oz. and 
39 ox.* or together 60 ox. With respect to the stability 
possessed by these two models, I and O, it was found upon 
tiial that I in stability equalled 2^ oz.* and O equalled 8^ oz., 
showing O to have 6 ox.* or two stabilities above I* which in 
weight equals 78 oz. ; but take away the 60 oz., and there 
remain 18 oz. in fiiTOur of the model O* when under sail. 
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Likewise, in liie same Chaptett it is stated of the modek O 
and Q, that when of equal weight O beat Q by 64 oz. extra 
weig)it. Upon causing the model O to sink in the water until 
its load-line was between one-fifth and one-fonrth, it reqaired 
an increase of its weight, as before given, up to 78 oz. ; and 
Q to equal 152 oz. The stabih^ which each now possessed^ 
was in O 8|- oz.» and Q 32 ok. ; that is to say^ the model Q 
possesses (let it be granted) two and a half stabiUties above 
the model O, or in oz. 78 + 78 + 39= 195. However, 
from this sum must be taken the extra weight of Q above O, 
which is 74 oz., together with the 64 oz. the extra wdght in 
speed, and equalling 138 oz. ; or 195 — 138 s 57 oz., which 
number of ounces is on the side of Q, when under sail pro- 
portionate to its stabihty. 

Again, with regard to the models Q and R: when of 
equal weight, Q beat R in speed by 4 oz. extra weight. It has 
been mentioned belbie of the model Q« when the line of flota- 
tion was made one-flfth and one-fourth of the beam, that it 
required the whole weight to be 152 oz. The model K, to be 
similarly dreomstanced, required its whole wdght to amount 
to 292 oz. ; and the stabilities of these two models were in Q 
equal to 32 oz., and in 42 oz : therefor^ in the present 
instance, R has one-third of a stability above Q, which in 
ounces equals 152 -r- 3 = 50; but from this sum the extra 
weight of R above Q must be deducted. Now the weight of 
R equals 292 oz., and that of Q 152 ; then 292 - 152 equals 
140 oz., which, with the 4 oz. representing the speed of Q 
above R, comes to 144 oz. The superior stability of R has 
been shown to be 50 oz. ; therefore 144 — 50 = 94 oz., by 
which Q beats R in speed. 

From the dbove result it is dear that for the model R to 
beat in speed the model Q, it will be necessary to place the 
line of flotatioo considerably lower than one-flfthy so as to 
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materially lighten the whole weight of R. But upon taking 
out 96 oz. from R, thus ieaving 196 out of 292 oz., the 
stabflitj of Q, as before, equals 32 oz., and that of R equals 
34 oz. ; and B sank in the water with the reduced weight down 
to Hi inch, and Q also to inch. The difference in the 
present stabiHties is 2 oz. for R, which in ounces = 152 -r- 32 
= 4-| for each ounce ; and^ therefore, the 2 oz. of greater 
stability s 9 ok. ; and being taken from 196, or 196 — 9 
= 187, and 187 — 152 = 35 oz. of speed against R. 

Again, after lightening the model R until it equalled in its 
whole weight 152 ok., the same as the model Q, the stability 
of R was now tried, and found to equal 32 oz., equalling that 
of Q; and R sank only to If inch. 

It has been previously mentioned that Q beat B in speed 
when they were of the same weight, by 4 oz. ; consequently, 
thdr^stabilities being now the same, Q will, under sail, again 
beat R. Before, however, the result was quite contrary, as R 
by its superior stability beat Q. This being the case, it then 
appears, that for R again to beat Q, more weight must be re- 
moved out of R ; that is to say, uutii it is of the same precise 
weight as it was^ (as in Experiment 69«) namely, 81 os. instead 
of 152 oz. 

When the models Q and T were made to sink down into 
the water to ihe depth of between one-fourth and one-fifth of 
their midship breadth, the weight was required to be increased 
till it amounted in the total of the model Q, as before given, 
to = 152 OK., and that of T to s 140 ok. 

In consequence of the above additional weight, the stability 
of T equalled 18 OK., and that of Q, 32 OS. 

It appears then from these stabilities, that the model Q has 
the advantage over T to the amount of three-fourths of a 
stability, and which, if put into ounces, equals 105. Q 
exceeds T in weight by 152 - 140 = 12 p;e. i but the extri^ 
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speed of T over Q =s 32 os., wliich sam must be deducted 

also ; then Q beats T in speed, when both are under sail, by 
the number of 105 — 12 + 32 = 61 os. 



h— Table of the diferenee of the Speed between the Sus 
Models when tawed through the Water, 



irod«t. 


Shape, 


Beam. 


Weight. 


Bcnit. 


?} 

^ \ 
Q / 

^ \ 

R / 

^ \ 
T / 


Bird 

Bird 

Bird 

Oblong 

Oblong 

Oblong 

Bird 

Oblong 

Oblong 

Bird 

Oblong 

Biid 


Inchee. 
4 

• 

8 
8 

11 
8 
8 


Ouxieea. 
87 
87 
58 

52 
68 
68 
68 
68 
81 
81 

70 
7t 


O beaten by 21 oz. 
} P beaten by 27 os. 
}q beaten by 88 <M. 
1 Q beaten by 04 ot. 
j- R beaten bj 4 os. 
}Qhealeii1^8ao8. 



I is the swiftest, O the second, T the third — ^all of the bird 
shi^e. 



II. — Table of the difference of Speed between the Six ModeU 
when eoneidered wider eaU proportional to their otabiUHee 

and carrying a light load. 



Modd. 


Shape. 


Beam. 


Weii^. 


Depth. 


Stability. 


Reenlt. 


I) 
?} 
I) 

^\ 
Qi 

i) 
?} 


Bird 
Bird 
Bird 
Oblong 
Oblong 
Oblong 
Bird 
Oblong 
Oblong 
Bird 
Oblong 
1 Bird 


Inches. 
4 

5S 
53 
5} 
51 
8 
53 
8 
8 
11 
8 

a 


Ounces. 
37 

37 
52 
62 
68 

52 
52 
52 
81 
81 

70 
79 


Inches. 
0 15-16 
0 11-16 
0 15-16 
0 6-8 
0 6-8 
0 5-8 
0 15-16 
0 5-8 
0 7-8 
0 13-16 
0 13-16 
8 7-8 


Ounces. 

24 
8 

84 
12 
12 

21 

84 
21 

24 

29 

23 

16 


}l baalaii bf 08 01. 

|p beaten by 11 oz. 
} P beaten by 19 os. 
} 0 beaten by 8 oa. 
} Q beaten by IS M. 
} Q beaten by 14 os. 



The model R is the swiftest under sail with the light load, 
T the second, and Q the third; Q being of oblong form, 
A and T of the bird slu^ 

c2 
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III. — Table of the ^l^erenee of Speed between the Model$ 

when supposed to he under sail proportionate to their Sta- 
bilities, and so loaded as to draw between one-fourth and 
one-ffth of their Beam deep in the Water. 



Uodel. 


Shape. 


! Beam. 


Weight. 


Depth. 


Stability. 


Result. 


<!} 
%} 

^\ 

KJ 

1) 
?} 
%] 


Bird 

Bird 

Bird 

Obiong 

Oblong 

Bird 

Oblong 

Bird 

Oblong 

Bird 

Bird 

Obloaf 


Inches. 

4 

55 

5J 

8 

8 
11 

8 
11 

8 

8 

52 
54t 


Ounces. 
394 
78 
78 

• 152 
152 
292 
152 
196 
152 
140 

78 
84 


Inches. 

0 7-8 

1 3-8 
1 3-8 

1 13-16 

1 13-16 

2 1-2 

1 13-16 
1 5-8 
1 13-16 
1 13-16 
1 3-8 
1 3-8 


Ounces. 

24 
84 

84 

32 

32 
42 
32 
34 
32 

18 1 
84 

" 1 


} I beaten bf IS oi. 
} 0 beaten by <7 OS. 

1 R beaten by 94 oz. 
} R beaten by 38 ox. 
}t beaten by ftl 01. 
j' P beaten by 6 ez. 



The model Q is the swiftest under sail, when foil loaded, 

and O the second; the oblong, in this instance, being the 
best. . 



IV. — Table showing from the breadth of the Beam what the 
• depth of Flotation ought to be for the greater Speedy with 



Bottoms quite flat^ and impelled forward by the Wind 
under Sail proportioned to their stability. 



Model. 


8iM|»e. 


Beiun. 


Weight. 


1 

Depth. Stability 

1 


Proportion 

of th to 

the Beam. 


Proportion | 

of Beam to the 
Length. 


0 
Q 

T 
I 


Bird 

Oblong 

Bird 

Bird 

Bird 


In. 

H 

8 

n 

8 
4 


Ounces. 
60 
189 
81 
70 
SO 


Inches. Ounces. 

0 7-8 84 

1 18-1(1 88 
0 13-16 29 

0 7-8 16 
9 9*l<( Si 


One-Seventh 
One-Fourth 

Oiic-Fourtnth 

One-Ninth 

One-Serenth 


Stimesthebe^ 
34 

34 » 
7 „ 



Upon a review of these Tables it will be seen, that a 
maximum of weight and speed is incident to some forms of the 
models, and not to others. This circumstance is most ap* 
pamit in the long bird shapes^ tSx^ thw stabilities oeaae 
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to increase with additional weighty after it amonnta to a 
certain quantity; that quantity, therefore, may be denominated 

the limit or maximum. But ^ith the oblong model and 
the dock-shaped model B> any increase of their wdg^t is 
attended with an increase of their stahility also. Howerer, it 
is seen of the model Q, that with the increased stability, 
consequent on the additional weight, the speed is not so 
retarded by it as in the case of the model R and the other 
models ; therefore advantage can be taken of this peculiarity 
for all ships intended for burthen. 



CHAPTER XVI. 

The SIX modiels just treats of wM all with flat bottoms, 
luid this for the sake of convenience. The forms calculated for 
service must have the eurve along the bottom, as shown to b^ 
so necessary in Experiments 33 to 36. They must have like- 
wise the keel deeper towards and at the stem than towards 
and at die stem (see Experiment 5) : again, the spaoe between ' 
the curve along the bottom and the keel must be filled up 
at both stem and stem, and so constructed as to o£Ber at the 
bows, from the cutwater to the midship, the least resistance 
possible to the water ; and from the midship to the stern-post, 
to afibrd the easiest and moat direct passage for the ^^aler, 
that it may act to the best advantage against the sides of the 
rudder. 




Upon an inspection of the accompanying diagram, it will be 
seen that the part cut off the flat bottom by the curve ace 
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equals nearly the triangles a b c and c d £; but since apottioa 
of the triangles will be made up by the sharp bows and body 
situated between the keel and the line of curvature along the 
bottom, it will occupy the space of about half the cubic paral- 
lelogram ; therefore a quarter part only will be necessary to 
add to the depth at the midship section for the load-Une 
of flotation. Upon testing the above by two models, one 
with a flat bottom, the other curved and yet left filled up, as 
required between the curve and the keel, the displacement in 
the water gave a quarter part as the exact difference. This 
proportion of a quarter part to be added to the depth at mid- 
ship, appUes to all the six models, from their similarity in 
flatness ; therefore the depth at their midship section for their 
load water-line should be increased by one-quarter part of their 
draught, when having a flat bottom at midship* 

On turning back to those experiments which relate to the 
depths of keels, commencing with No. 44, it will be seen that 
the flat»bottomed model (No. 2) required no keels likewise 
the triangular midship model No. 3 ; but to the forms Nos. 1 
and 4, keels were necessary. 

Before dedding upon the midship section best calculated for 
service, it will be right to criticise those sections which have 
been already tested. To this end, it will be advisable to 
review the Experiment 41, where it appears of the triangular 
model No. 3, that its speed equalled Nos. 2 and 4, the latter 
having been previously made elliptic. In lateral resistance, No« 
3 possessed the same as No. 2, Experiment 54. In stability. 
No. 3 proved the worst of the four (see Experiment and Table, 
&e., after No. 43). Lastly, in depth or draught. No. 3 agiun 
exceeds ail the others.' The conclusion to be drawn from the 
preceding fieusts is of such a nature as to justify the rejection 
of the triangular form of midship. 

The semicircular form of midship (No. 1) possessed speed as 
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one good quality; but which advantage is coonterbalanced, 

first, by its circular outline being conducive to rolling ; next, 
the depth at which it floats ; and third, its deficiency in stabi- 
lity. These evils, it must be admitted, are highly objectionable^ 
and warrant the rejection of the semicircular midship section, 
except where speed only is sought, when the employment of 
iron or lead ballast can be had recourse to as a corrective of its 
iustabihty. 

There remains to be considered the flat-bottomed model 
No. 2, and the elUptic one No. 4. 

The model 2 (as shown in Experiment 41) is inferior in 
speed to No. 1 ; but as regards all other qualities, so essential 
to every ship, particularly for burthen, very far the superior, — 
1 st, in floating depth (see £zperiment 43) ; 2nd, in not rolling ; 
3rd, in lateral resistance (see Experiment 44) $ 4th, in stability, 
the means of speed (see Table after Experiment 43). 

The elliptic midship model (No. 4), as stated in the several 
experiments before adduced, is equal in speed to No. 2, but is 
slightly inferior to the same model, — 1st, in depth of flotation; 
2nd, by rolling more ; 3rd, by having less lateral resistance ; 
4th, by possessing less stability. 

The next point to be considered, before Anally deciding 
upon the midship section, is, that part of a ship's midship 
which is above the load water-line — meaning the sides ; 
whether they should be continued up perpendicularly, or 
slightly inclined outwards, so as to present at the lee-side a 
larger bearing on the water, to operate in an increasing ratio 
against the force of the wind upon the sails. * 

The Experiment 62 shows that the stability of the model 
(No. 1), having right-angled sides, e<j|halled the stabihty of the 
model No. 2, with its sides inclining outward ; and when both 
were lightened, the influence of the sides which inclined out- 
wards became apparent in the stability remaining unaltered ; 
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^v]lerea8 in No. 1 the stability was improved to the amount of 
half an oimce : consequently there appears no good reason for 
giving a preference to the bevelling-out sides, oyer those 
carried up perpendicular. 

From what has been elicited^ it appears that any approach 
to the triangular midship section has its stabihty improved 
malerially by ballast or weight ; for, in fact, it is indispensabley 
since it possesses none without ballast. 



CUAPtER XVII. 

The criticism of the four models of midship section being 
concluded, the inference to be drawn from it is, that (No. 2) 
the flat bottom exceeded all the others in the essential qualities 
for a ship of burthen. But since speed is now become so 
essential a quality in a ship, those cnnres must be adopted 
which have been proved so advantageous in Experiments 33, 
&c.. Chapter YIII. ; and in consequence, the flat bottom can 
only be preserved entire at midships ; thus making the addition 
of a keel absolutely necessary, both before and after that point. 
No. 4, the elliptic form^ comes next^ When carrying out the 
experiments undertaken with the object of ascertaining the 
effects of additional weight, for the purpose of gaining an in- 
creased depth of flotation in the six models, it appeared that a 
certain few of the models were influenced in their stabilities 
differently from the others. 

The models in question were those which partook of^ and ap- 
proximated in their forma to, the parallelogram and square, and 
of the oval and circle ; and in both these the stability increased 
with the additional weights On the other hand, the long 
bitd-shape models ceased to improve in their stability after 
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a certain amount of weight, they having, as it were, an early 
limit to any further increase of the same. This pelsuliar 
characteristic (confined dmost to the two models Q and R) is 
of great moment when selecting forms for various purposes ; 
and the cause of the same must he looked for in the narrow- 
ness or sharpness of such craft, particularly towards their head 
and stern. 

The Experiment No. 8, and Tahle C, ezhihits No. 2, with 
one-fifth of the base or beam for the depth of flotation, as pos- 
sessing the greatest stability. Now, admitting the depth of 
flotation to be one-fifth at the midship, then the depth from 
the midship towards both head and stern must be greater 
than (me-fifth,— indeed, be in an increasing ratio as the distance 
nears those extremities ; consequently the stability diminishes 
proportionally, as shown in the same Table C, in No. 5, being 
inyersely to the length; thus throwing the support of such 
pacts upon the superior stabihty about the midship section ; 
whichi therefore^ must necessarily be reduced. The annexed 
diagram will explain the meanmg^ 
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Let a]b c d be the model, and b d the midship section. Take 
any point in the sides a c, d c« as f, and draw the line f g 
parallel to b d; likewise, draw fh and oi parallel to ac, 
cutting B D in H and i. Now, it is well known, that the 
straight line fg equals the straight line h i; which is part of 
the hue B D. H I is less than b d ; so also must be its equal 

From henee it follows, that since bd is greater than fg^ 

then is one-fiitli of b d hkewise greater than one-fifth of f g j 

c5 
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coii8eqiieiitl3r thi stability is proportionally less. The same can 
be shown of every line that may be drawn parallel to b d» 
between H d aild the extremities a and c. 



CHAPTER XVIII. 

Fresmning we are thus fat correct, the difficulty then almost 

vanishes relative to models or fohns of ships for pa^'tic^ular 
Mdrvices. 

To be^n with bcmts inttoded fot speed, and to be impelled 
forward by the oar. Now, it has been seen in Table No. I., of . 
the difference in speed between the six models when towed 
through the water, that the model I proved the swiftest. This 
model, in its proportion of length to breadth, is seven times the 
breadth, tf greater speed be required, then eight, ten, or even 
twenty times the breadth may be selected, the midship section 
being simicitcular, and to be situated at the middle of the 
length (see Experiment 63) ; but the utmost care will be 
requisite to prevent upsetting from its deficiency in stability. 

For a steam Vessel upon rivers, and without the aid of sails, 
ten times the beam or breadth, as the length, will be found 
to answer very well, with the midship section semicircular, and 
at the mid-length (see Experiment 63), or nearly so. Here 
iron and lead as ballast will greatly improve the stabihty ; but 
then it will act as an extra load to darty. 

"When boats and steam vessels are to have the assistance of 
sails, the length should be about five times the breadth, as the 
model O. 

For yachts, which are vessels for speed only, impelled for- 
ward by sail, and consequently requiring great staknlity, the 
model B> or between R and T, is the one most applicable 
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for the purpose. Bat the floating depth, however, according 
to Table IVi^ must be shallow, and therefore with a very 
light loady yet the keel with the bottom tapered should be 
made to descend down into the water sufficient to obtain the 
requisite lateral resistance, having the lower spaces filled with 
iron ballast, to further improve the stability for radng purposes ; 
the masts, &c., being made proportionally strong : but more of 
this at page 69. 

Sea fishing-boats should closely resemble the model R also, 
because, although required for burthen rather than speed, great 
stability is absolutely necessary for the sake of safety, since 
such craft rarely have decks. Besides this, the cubic capacity 
of the form R is greats and at little cost, which is a considera- 
tion with fishermen. The sides also should be carried up 
high, both for safety and burthen. 

The model Q presents the best form and requisites for the 
merchant service, which is made evident in Table No. Ill . The 
proportion of its length to breadth is three and a half the 
breadth. In the same Table (No. III.) it appears that when 
the oblong form of model, as P, is in length five times the 
beam, and possessing^ as is there noted, greater stabihty than 
the model yet the model O beat P, and with less surface of 
sail, which is an advantage as requiring less weight of masts 
andyftrds. 

Lastly, for ships of war, the model Q is here again pre- 
eminent for this purpose, particukrly for the largest rates; be- 
dausC) in the first place, the stability increases in a degree with 
the load ; and in the second place, of the greater bearing on 
the water at and towards both head and stem; and in the 
third, of the almost parallel sides, which afford every facility for 
the carrying of guns, with space to work them ; but the draught 
in the water should on no account be great, because speed is 
too essential a quality to be dispensed with in a man-of-war. 
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CHAPTER XIX. 

THE POfilTtONl^ OF THE CENTRE OF 6RATITY> OF THE 
CENTRE OF LATERAL RESISTANCE, AND THE CENTRE 

OF FORCE OF THE SAILS. 

The position of the centre of gravity in a ship, with regard 
to its height above the keel, should not exceed, when loaded, 
the line of the surface of the water (see Experiment 8, Table 
C) ; otherwise it will lose stability and become top-heavy. If 
situated much lower than the water-line, the stabiUtjr will oer- 
tainly be improved ; at the same time, a greater strain than 
needful will ensue upon the vessel, and thus endanger the 
breaking of the masts and yards, if they be not of sufficient 
dimensions to meet it. When the axis of the centre of gravity, 
considered lengthwise of a ship> exactly corresponds with the 
snrface -of the water, the rolling will be easy as far as the height 
of the said gravity is concerned : but the form of the midship 
section has very great influence in checking or inereasii^ such 
motion. The distance from the head and stem in a ship at 
which the position of the centre of gravity had best be fixed 
requires no small degree of reflection, and must be decided 
before the laying down of the keel, because the drcnmstance 
involves both the places of the centre of lateral resistance and 
the centre of force of the sails. 

The sole fish has the centre of gravity in the widest part of 
its breadth, and which, therefore, is its centre of motion. The 
distance of this point from each extremity of the fish is just 
two-flfths of its length from the head, and three-fifths from the 
tail; consequently, ^yes one-fifth as the excess of IcTcrage at 
the tail over that at the head. In a fish this is most essential, 
because it derives its power of locomotion chiefly from the 
rapidf Iateral» and curved moyements of the tail. 
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A ship, which is a body impelled forward by sails, could by 
no means answer if constructed altogether upon the principle 
of the sole fish ; and chiefly on account of the centre of gra- 
vity being so forward, as stated. The consequence in practice, 
from the gr^at distance apart of the centres of gravity and 
lateral resistance, would be a perpetual conflict against each 
other for the centre of motion, to the positive disparagement 
of the speed ; for, first, the influence of gravity would place the 
centre of motion at two-fifths of the length from the cutwater; 
second, the lateral resistance would operate to carry back the 
centre of motion towards the centre of length ; and third, the 
centre of the force of the sails, if not situated well ahead, by 
means of a long bowsprit, would b6 perpetually causing the 
ship's head to fly up into the wind. From all that has been 
stated, it appears in every way impolitic to have the centre ,of 
gravity situated too far forward. 

In the experiments mth the six models, it is shown that 
their centres of gravity taken in the solid state of the models 
themselTesi previous to their being hollowed out — and, there- 
fore, their true centres being hkewise centres of displacement 
with regard to length, — we situated forward and a trifle more 
than their mid-length< Now, if the centre of lateral resistance 
be influenced by the head resistance, the two centres, namely, 
of gravity and lateral resistance, would nearly coincide. To 
accomplish this point, which insures the perfection, in a great 
measure, of easy sailing and steering vessels, it must be done 
through attention bemg given to lateral resistance at the time 
of making the design, — as by well slanting the cutwater, 
without, however, losing a good foot-hold, and deepening the 
keel towards and at the stem — ^whose post should be per- 
pendicular, as length of keel operates with the best effect 
in improving lateral resistance^ — ^whereas the deepening of it 
acts to overturn, and thus lessens the resistance (see Chapter 
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XL) : by this means ihe two centres of gravity and lateral 

resistance will be made to approximate very closely, or quite 
unite. Nothing now will remain to make perfect the sailing 
and steering but to place the centre of the efibrt of flie sails 
perpendicularly over the two centres before named. If this be 
not effected, then, whichever way the preponderance of the 
power of the sails operates, it will, if towards the stern, cause 
the head to fly up into the wind ; and if towards the head, 
cause it to fly from the wind. The helm, which is the tell- 
tale, will counteract in part these propensities ; likewise the 
reduction of sail at either stern or head ; but that must be at 
the expense of speed. 

If what has been stated be admitted to be correct, the three 
centres then ought to coincide as nearly as practicable, when 
the steerage will be easy, and only require the motion of the 
rudder to overturn the equilibrium to alter the course. 

Again, the centre of gravity, though situated correctly as to 
its height, may yet be extremely injurious to easy motion of 
pitching and risings if the heaviest weights be stowed very 
fore or aft. Instead of which, they ought to be placed at or 
near the position of the centre of gravity, the object being the 
rendering the vibration like a scale-beam, easy and without 
plunging. To tlx the exact plan of stowage is out of the ques- 
tion i but it is best completed at sea, correcting any evils that 
may present themselves. 

The place of the centre of gravity between the head and 
stem is ascertained pretty correctly by the surface of the 
water coinciding vrith the load water-line, obtained and laid 
down from a correct model. But the axis of its height is 
extremely difficult of detection ; and the readiest mode which 
presents itself would be, the placing of three or more cups or 
open vessels filled with water, upon separate yet moveable 
shelves, a few inches or more perpendicularly above each other. 
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« 

at the centre tlie ship^s width and centre of gravity, taken 
lengthwise. This being done, and a lateral rolling motion com« 
municated to the ship artificially, or the taking advantage of a 
light wind upon smooth water, and observing particularly the 
suriaces of the water in the cups, — then if the water in any one 
vS them he seen merely to rise up first on one side, afterwards 
on the other, but in the remaining cups if the motion of the 
water be more rapid, even to overflowing — that first cnp, 
wherever situated, cannot he far from the axis of lateral mo- 
tion. Should any doubt on this question arise, just shift the 
said cup a trifle higher or lower^ until the due quietude of its 
water surface be obtained. 



CHAPTER XX. 

CONCLUSION. 

Sinde curves must be substituted for the straight line in the 
forms of the bottoms of all vessels of speed, as proved, (see 
Experiments 33, &c.. Chapter VIII.) and in consequence a 
keel is indispensable, the midship section, but particularly 
the parts fore and aft of the same, will partake more or less of 
the elliptic and angle shape. 

From experiments made subsequent to those already given 
in Chapter XI., but not entered, for the purpose of deter- 
mining the perpendicular depth of the under-part of the keel 
at midships, from the load water-line of models with curved 
bottoms, it appeared that the depth to cause the greatest 
lateral resistance should not exceed the average breadth of 
half the beam measured at the points of equal distance between 
the midship and either end ; unless the centre of gravity, by 
means of heavy ballast, as lead, be made to descend propor* 
tionally with any addition to the depth of the keel. 
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Agaioi as th4) above average depth is leqoisite for lateral 

resistance, then the midship form, and Hkcwise the sections 
towards both head aud stern* must .be moulded into those 
shapes which will meet the object desired, with the least 
increase of displacement beyond the true one the vessel ought 
to possess when required for speedy as in Table IV., Chapter 
XV. 

Let the above be exemplified in models O, Q, and R, and 
the diagram here introduced will assist in the elucidation. 

No. l.^The Model O. Scale, ^ inch to 1 inch. 




AGED represents the half-part of the horisontal section 

of the model O, taken at the load water-line ; c d being the 
midship, and s f, g h, the lines of the average beam. 

No. 2.-~MidBhip section of model 0* Scale, 1 inch to 1 inch. 
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Let A B D c be the midship section of the model O, when 
with the flat bottom; the depth as stated in Table 1V.» 
Chapter XV. Now, in order to give speed to the model, the 
curved form must be appUed to the bottom, which will cause 
the model to sbk deeper into the water than before, by a otie-r 
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fourth part of li, (see Chapter XVI.) or to the dotted line 

AEB. 

Again, let e f equal the average breadth of beam, and f the 
bottom of the keel; but as every increase of the displacement 
beyond a b d c will retard speed, yet the part of the dead 
wood and keel from I to 7 requires support ; it can only be 
carried into practice by transferring a portion of the capacity 
or displacement at and about c, to between i and f. To this 
end, let k bisect the straight line c li and 6 bisect a c ; firom 
G draw through k the straight line o k r. By Euclid, the 
triangles g c k, k i h> are equal, therefore their displacements 
are equal. But since the keel from h to f will Ukewise need 
support, a curved brace may be applied from m to n, which 
will, however, cause some addition to the capacity 1 or the 
curve TH N may be substituted. To obviate the evO of addi- 
tional capacity in some measure, the space may be filled with 
ballast, which, being situated low, will assist to compensate, by 
increasing the stability, and in consequence admit of an addi- 
tion being made to the sail sufficient for the wind to impel for- 
ward the extra weight with nearly undiminished speed. The 
angle at g may be rounded off or not ; but as it is, the original 
stabiUty wil^ be diminished by the removing of the triangle 
6 c K to the triangle k i H| because it is sufficiently evident on 
inspection that the assumed centre of the triangle k i h, from 
the perpendicular line e f, is less than R| the centre of the tri* 
angle g c k ; therefore the power of buoyancy to aid stability is 
proportionally reduced, and which will not be altogether met 
by the ballast in the triangles KiU and m h n s the stabihty 
will again be lessened also if the angle at o is rounded off. 

Mo. 3.^Bottom eorrefl of model O. Scale, ^ inch to an iach. 
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In the diagram No. 3» ag is the load water-line, a b c, 
the hottom cmres^ and o b, b f, their union with the keel 6 h. 

In No. 4 is represented the part of the model situated between 
the head and the midship, al the load water-line, a b the 

Ko. 4^ — ^Model O, from head to midship. Scale, \ inch to 1 inch. 




eiunre as ab in No* 3, b being the depth of b i in No. 2, and 

i K the curve at the depth of A G in No. 2, and c d the curve 
uniting with the keel g h. The curves i k, a b, c d> and the 
dotted one b f, are all parallel to each other, and which must 
be carried out along the bottom of the ship in planes perpen- 
dicular to the horizon, and parallel to the ship's longitudinal 
axis. With regard to the lines em, on, ftc, they must be 
drawn parallel to the load water-line to form a wedge of the 
bows, as repeated experiments, not entered, have determined 
this puiut over the bow curved alone ; yet the outline of the 
said curve should be preserved wherever the lines touch, and 
made to take the concave form, with the express view of pro- 
moting speed, by assisting the raising of the bows over the 
waves, particularlj of sailing yessels against the downward 
pressure of the wind on their canvas. 

No. 5. — Model O, from midahip section to stem. Scale, ^ inch to 1 inch. 




Let ju A be the load water-line ; b a, f e, d c, the curves ; and * 

( 
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Dd the one uniting with the dead wood and keel. In this 
part bf a ship no lines parallel with the load water-line are 
necessary, indeed they would be hindrances to speed, as has 
been shown already in the experiments. But in order to 
strengthen the dead wood and keel> short braees placed at the 
angle of 4.)^ may be employed where thought requisite> but the 
less the better. 



No. 6. — The model Q. Scale, ^ inch to 1 inch. 




Aic is the load-water hne; ab, bc, de, ef, are the 
bottom eurves ; and an, h k, the union with the keel ln ; 
AR, GS, are parallel horizontal lines, as in No. 4, to iurni 
the wedge bow. The stem part» meaning from midship to 
stern, needs not (as before stated) the horizontal parallel line, 
but the curved form preserved throughout. The concave of 
the horizontal lines, as mentioned in treating of the bows 
of the model O, cannot be dispensed with. 

No. 7.— Midship sseUon of Model Q. Scale, ^ inch to 1 inch. 



A 





N 








K 



Let A B D c be the midship section of the model Q, a b the 
load water-line, the depth being increased from x p to a b as 
in diagram No. 2, m k the depth equal to the average breadth 
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of half the beam of the model Q, taken as in the model O. It i$ 
seen in this instance, that the depth from t to k is less than in 
No. 2 ; therefore the bottom may be preserved flat at the mid- 
ship, with a stn&ight or eoTFed bracket^ as it were, to support 
the keel, and continned fore and aft ; or it may at once take 
the form as shown in the diagram by the letters h y x, x d 
being taken eqnal to i h, when the triangles h i t, x d Ti will 
be equal. Instead, however, of either of these, the outline may 
be as the curve o l. m h. 



No. 8. — Midship section of the model R. Scale, ^ inch to 1 inch. 
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AB the load water-line, et the depth of flotation, as in 
Table lY., Chapter XV., with the addition of one-fourth part 
of the ths, in consequence of the curved bottom, making the 
total or one inch; which, according to the scale above, is half an 
inch, or BR; tiierrfore, abrg represents the true displace-^ 
ment. e k is the half-part of the average beam (see diagram 
No. 1, the model O, in this Chapter), in which the straight 
lines SF, GH, denote them; bat they being drawn on the 
scale of -J- inch to 1 inch, Idie average of the two, when doubled, 
will make it in the one-quarter inch scale, as the diagram 
above, equal to e k, k being the bottom of the keel. 

It appears upon the right-hand part of the diagram, that in 
order to support the necessary depth of keel, as t it, it must 
either have the timber of the bottom framed at midship, as iii 
the dotted straight Ime i B| or in the curved one b s v k. If* 
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in the former, then the displacement will be doubled when com* 
pleted on both sides of the modd, and take proportioiiany ftom 
the speed, as recorded in Table HI., Chapter XV. ; if the 
latter, still the oiigmal displacement-will be increased, but not 
equal in degree to the fbrmer. The keel, however, cannot do 
without support ; therefore, of the two evils, the latter must be 
preferred whenever speed is to be gained. 

The form on the left-hand side of the diagram, compre- 
hended and denoted bj the curve l m n i, is graceful and efiec- 
tual with regard to the keel ; but then the displacement, even 
on inspection, exceeds more than double (it must be admitted) 
the true displacement required, and therefore will take too mncfa 
from the speed, as evidenced in Table III., Chapter XV., and 
consequently this form of great breadth for a yacht cannot be 
conveniently constrocted. 

Further Observations. 

In the models having their horizontal section at the load 

water-line after the form of a bird, or as the sole, it is seen 
that the midship section, or widest part, is situated at two- 
fifths of their loigth from ttie head, and three-Mhs from 
the stem. This is Nature's law, in order to counteract and . 
balance the extra resistance the Ibre^body meets with against 
the air and water to what the aft-body is subject. In Chapter 
III. it is seen, whep treating upon the law of lateral resistance, 
that when the model was drawn forward through the water, as 
well as sideways, the centre of lateral resistance, at the time, 
moved forward also; and the estimated proportion equalled 
one-twelfth the length of the model. 

Let this result be compared with Nature's form. Take a 
4nodel 28 inches long, its middle will then be 14 inches; 
divide 28 inches by 5, and the answer is 5^ inches. Now two- 
^ths of 28 = 11 ; and three-fifths == 16^; and 14 — 11 
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or 2t inches, which is the distance before the centre of length 
where Nature places her greatest width in birds, and in the 
sole fish. With the model in Chapter III., one-twelfth 
was the supposed place before the centre of length where the 
oentie of lateral resistanoe resided when the body was mored 
both forward and sideways. The proportion of one-twelfth 
will be found to equal 2^ inches^ and rather iqore ; bang cer- 
tainly less than 3 inches. It was stated, however, that increase 
of the speed of the model would cause the centre of lateral 
reristance tp move still more forward. If granted, the average, 
allowing for mistakes, will be somewhere not far short of 
Nature's distance of 3 inches. 

If the above statement be taken as near the truth, it follows, 
that whenever the Une of greatest breadth of beam in a ship is 
situated aft the two-fifths of length, so as to destroy the 
balance of three-fifths of stem length, the evil must be com- 
pensated for by giving an equivalent in extra depth of keel 
towards and at the stem. Hence, the further alt the midship 
section be placed, the deeper must the keel be made, to pre- 
serve the due proportions of perpendicular surface of the two-i 
fifths and three-fifths between the body before the midship and 
the body aft of the midship. Now, great depth of keel towards 
and at the stem is a serious evil in all ships destined for shal- 
low vraters ; and is objectionable, in another point of view, as 
in respect of lee<eway, on account of the greater power, from 
incf)eased leverage, to overturn. 

The forms of ships as regards beam to length, especially 
those for merchandise, should be r^;ulated in a measure 
by the nature of the dimate and sea in which they are 
destined to navigate. For, if to encounter stormy winds and 
seas, whose avmge continnance is above that in other di- 
mates and seas, thdur breadth of beam and angle projections 
ought to be strongly kept in view, and acted upon by the 
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builders, to assist the stability. If, on the other hand, the 
winds and seas are comparatively moderate, less beam will be 
requisite, or greater length of vessel, and all angles dispensed 
with. Moreover, ships requiriiig mnch saO, in consequence of 
the breadth of beam, will need hands in proportion to manage 
the same; which circumstance, being an item of increased 
expenditure, will ever have its weight with the owners of mer- 
chantmen. This does not apply, however, to men-of-war, 
whose hands are generally in sufhcient number for all duties. 
• One more word, with regard to the depth of the keel towards 
the stern. 

When vessds are constructed with great breadth of beam 

at the midship section only, the depth of the keel towards the 
stern should bear a proportion to it ; and for this reason : 

Whenever a vessel is heeled by the wind so mnch over that 
its body at the midship sinks deeper than the keel towards 
the stem, a vessel will be sure to fly round with its head up 
into the wind, and which can only be met and counteracted 
by the rudder. This being a fact, the naval architect must 
eonstmct his vessel accordingly. 

With the completion of these few hints, which have been 
derived from careful experiments, observations, and reflections, 
although upon a small scale, I now take my leave, sincerely 
hoping they will induce persons of far more competent abihties 
than I possess, to engage In making investigations upon a 
large scale, that the tme principles of ship-bdiding may ne» 
longer continue a mystery. 

W. B. 

Eirtlip, Sittingbonme, Kent, 
1855. u 
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ON SHIPS. 

Bar6£S» or flat-bottomed vessels^ might have their sides 
ennred out when intended for canals and smooth rivers. But • 
to be sea-going vessels, their flat bottoms must be accompanied 
with straight and parallel sides; otherwise, their midship 
section^ bdng die place of greatest breadth, would, when 
heeling, always sink deeper into the water than any other part 
in their length, and, obtaining a greater hold of the water in 
consequence, become the pivot aroond which they would 
endeavour to revolve, j^nd be for ever th^rowing their heads up 
into the wind. 

From this same cause it is that boats, even, which are of great 
breadth of beam to their length, do, when much heeled, per- 
sist in throwing their heads up mto the wind also ; andidiich 
evil can only be counteracted by an extraordinary depth of 
keel and rudder towards and at the stem. 

Again. Paddk-wheel sea-going steamers, with flat bottoms 
and carrying sails, can have the tendency of throwing their 
heads up into the wind remedied, by placmg the said paddle- 
wheels aft of thar middle lengtli ; when theur lee wheel, 
despending into the water with the midship, will thus, at the 
Itimes of heeling prerait any deviation in their course. 
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